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F ONE examines the characteristics of the rivers of America, especially as presented in a 
publication of the Department of the Interior,* he will be impressed with the fact that 
while the great majority of rivers of the country have generally low and comparatively flat 
profiles, those of California and Colorado are noteworthy in that the difference in elevation 

between their sources and their mouths is very great despite the comparative shortness of their 
lengths. The difference in elevation between the source and mouth of the Mississippi river, 
for instance, is scarcely 1500 feet, while its length is nearly 2300 miles; the Ohio 
river drops a little over 700 feet in its length of not quite 1000 miles; the moun- 
tains of New England give the Connecticut river a drop of 2000 feet in 375 miles, 
the Kennebeck river, which turns more spindles than any other source of power 
in America, drops rooo feet in less than 150 miles. ‘These are all elevations 
which are approached, if not exceeded, by the penstocks of many California 
power transmission plants. 

Again, if the source of the Hudson be considered as Lake Tear of the 
Clouds, the altitude of the Adirondacks gives it a drop of 4300 feet in its length 
of about 300 miles; the Arkansas river rises at the respectable altitude of 10,400 
feet and is 1500 miles long; Three Forks, the head of the Missouri river, is at 
an elevation of some 4000 feet, the length of the river being 2340 miles, and the 
Rio Grande rises at 12,000 feet and flows along a stretch of nearly 1800 miles 
before reaching the Gulf of Mexico. It should be noted that with the possible 
exception of the Hudson, these rivers flow hundreds and hundreds of miles before 
they have attained a fall of several thousand feet. 

But as the streams of Colorado and California are reached these conditions 
undergo a marked change, indeed the nearest approach to the profiles of the 
great rivers of the East is found in the Columbia, which rises at an altitude of 
over 3600 feet and flows into the Pacific through alength of rr00 miles. Incom- 
parison with this consider a few rivers of California: the Cosumnes rises at an 
altitude of 7500 feet and has a length of but 93 miles; the Yuba has a drop of 
6700 feet in 90 miles; the Feather, 4678 feet in 136 miles; the American 8500 
feet in 118 miles; the Calavaras, 1000 feet in 68 miles; the Stanislaus, 8000 feet YUBA 
in 113 miles; the Tuolumne, 8000 feet in 155 miles; and the Sacramento, 7000 PROFILE OF THE vusA 


RIVER. 
feet in 400 miles. Colorado rivers are very similar to those of California. For Vertical seats, 1 inch 


equals 2000 feet. 
instance, the Lake Fork of the Gunnison drops 13,200 feet in 59 miles and the Horizontal scale, 1 inch 
Roaring -Fork drops 11,676 feet in 64 miles. 
Nature, beneficent and ever-impartial, seems to have compensated for the lack of great 
volume of water in these western streams by giving it extraordinarily high and easily developed 
head, so that many of these smaller rivers are as rich in mechanical energy as are those Eastern 


courses, which carry enormous volumes of water at low head. 





*Water Supply and Irrigation Paper No. 44 of the United States Geological Survey on “ Profiles of Rivers in the United states,” by Henry Gannett. 
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No other cause than that implied in a recital of this situation can be assigned for the -total 
abandonment of the turbine of the East and the development of a water wheel upon such 
radically different lines as are embodied in the tangential water wheel of California, for obviously 
it is impracticable to utilize turbines in the economical development of power from water at high 
head and consequently high velocity, as it is impossible to adapt the Rodney smooth bores to the 
high pressure and high velocity ordnance work today. The electrical transmission of power has 
been, in a great measure, responsible for the marked improvement which has taken place in the 
performance of these tangential water wheels, just as a decade ago the steam engine began to 
undergo changes for the better in response to the demand of the incandescent lighting dynamo 
that the prime mover for driving it should be of the highest attainable perfection in efficiency 
and speed regulation. Asa result, water wheels of this type have been brought to such a high 
plane of efficiency in operation and in speed regulation that now they are perhaps as near perfect 


as it is possible for human ingenuity to maxe any prime mover.—THE EDITOR. 


THE RISDON WHEELS AT COLGATE POWER HOUSE. 
BY THOS. J. BARBOUR. 

N point of interest, a description of the hydraulic 
equipment of a great power house of one of the most 
noteworthy electrical transmission systems in the 
world must largely center in the water wheels and 
governors, in view of which but passing reference 

need be made to other hydraulic features of the installa- 
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WITHIN THE BAY COUNTIES FLUME DURING CONSTRUCTION. 


tion, although their importance is by no means disparaged. 
It is suggested, then, that this article be regarded as sup- 
plemental to the popular description of the system of the 
Bay Counties Power Company which has appeared in 
these columns heretofore.* 

The watershed of the Yuba rivers is characterized by 
its high altitude, its ruggedness and its heavy precipita- 
tion (for California) which averages fifty-five inches of 
rainfall, with a minimum of forty inches. The profile of 
the Yubas appears in the engraving on the preceeding 
page, the horizontal scale being plotted 100 miles to the 
inch and the vertical scale being 2000 feet to the inch 
according to the standard of the United States Geological 
Survey. 


*THE JOURNAL, Volume XI, page 145 ée/. seg., July, 1901. 


Water for the operation of the Colgate power house is 
taken from the main or North Yuba, which has a true 
watershed of 120 square miles above the dam, and is car- 
ried thence a distance of 7.6 miles through a flume to the 
penstock above the power house, whence it is delivered to 
the wheels through five independent pipe lines supplying 
two receivers. The flume, which has a nominal capacity 
of 20,000 miners inches, is built of lumber cut in a moun- 
tain forest some ten milesabove the dam. In all 7,200,000 
feet of lumber was used in the construction of the main 
flume. The underpianing and all superstructure is of 
red spruce, the sills are of heart cedar, the posts and caps 
are of yellow pine, the boards are cf yellow and sugar pine 
and the battens are of sugar pine. The principal dimen- 
sions of the flume and its carrying capacities at different 
depths of water are presented in the accompanying draw- 
ings and table respectively. Its grade is 12.8 feet per mile. 
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DETAIL OF THE BAY COUNTIES FLUME. 
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A CURVE IN THE LAKE FRANCIS PIPE LINE. 


Lake Frances, the principal reservoir, is situated in the 
mountains about two and one-half miles above Colgate 
and nearly a mile below Dobbins’ postoffice. It is sup- 
plied mainly by Dobbins’ creek, which flows throughout 


RATE OF FLOW IN Bay COUNTIES POWER COMPANY’S FLUME. 























ce Fl ee ee ae 

6” 3-5 | § 0’ | 0. 4375 | 107 3-51 491 
1-0" | 7.0 | 9.0 | Oo. 797 | 121 5-3 1,484 
1-6" | 10 5 | 10. | 1.05 | 127 | 6.46 2,713 
2’-0’’.| 14.0 | oa | 1.272 | 132 | 7-378 4,131 
2’-6 | 17.5 | 12 | 1.458 | 135.17 | 8.08 | 5,656 
3’-0" | 21.0 | 13 | 1.615  / 136.2 | 8.58 7,207 
3-6" | 24.5 | 14 | 1-75 | 139. | 9-14 8,957 
4’-0"" | 28.0 | 15 | 1.87 | 140.5 | 9.53 | 10,673 
4-6" | 3t-5 | 16 | 1.97 | 141.8 | 9-87 | 12,436 
5’-0”’ | 35.0 | 17 | 2.06 | 142 4 | 10.11 14,154 
3-6” | 38.5 | 18 2.14 | 143 | 10. 36 | 15,954 














Calculated by Kutter’s formula. Flume, 7’ wide; grade, 13” per mile. 


the year, and when it is remembered that it is intended 
to be drawn upon only in case of accident to the flume, 
which is believed to be exceedingly remote, its capacity 
of 92,870,000 cubic feet is ample. Water is taken from 
Lake Frances first through a 36-inch wood stave pipe for 
a distance of 8502 feet, then through 936 feet of cast-iron 
pipe, and thence through a rapid flume for a distance of 
2870 feet to the penstock. The staves used in this pipe 
are of clear redwood with a net thickness of 1;% inches, 
the bolts therein being ™%-inch in diameter with cold 





DOBBINS CREEK, 





WHEEL DISCHARGE WITH AND WITHOUT LOAD RESPECTIVELY. 
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pressed thread and malleable iron shoes. In some places 
the stone pipe has been laid to a curvature as small as a 
radius of 150 feet, while the head to which it is subjected 
varies from 40 to 92 feet. The lower end of the stave 
pipe is joined to a 30-inch cast-iron pipe through the gate 
valve shown in the accompanying engraving, and the 
water is carried along this cast-iron pipe for a distance of 
936 feet to the rapid flume, the purpose of which is to 
take the energy from the water while it is ex route, thus 
delivering it to the penstock without heavy shock. The 
rapid flume has a gradient of 11 per cent., its depth is 12 


’ inches, its width 3 feet and its capacity is approximately 


5369 cubic feet per minute. ‘The difference in elevation 
between Lake Frances and the penstock is 382 feet, and 
while it seems to be an apparent waste to destroy the 
energy due to this head, it is obvious that no real advan- 
tage would be gained through temporarily increasing the 
head of the main pipe lines by this amount because of the 
fact that the main wheels are not designed for the materi- 
ally higher head that would result therefrom. 
From the penstock are run five separate pipe lines 
down the hill to the power house 1625 feet distant. The 
pper two-fifths of the length of these pipe lines are of 
veted sheet steel, No. 12, ro and 8 gauge, enumerated 





THE STONE AND IRON PIPE LINES TO LAKE FRANCIS RUN THROUGH A 30-INCH 
GATE VALVE. 
by respective sizes from the top. To be exact, the total 
length of the riveted steel pipe is 680 feet, and that of 
the lower portion, which is entirely of cast-iron with lead 
joints caulked, is, therefore, 945 feet. The upper lengths 
of the cast-iron pipe have walls 1 inch in thickness, 
which is increased to 1% inches in the bottom lengths, 
the respective 12-foot lengths of the pipe varying in 
weight from 3800 to 5400 pounds. The inside diameter 





STONE PIPE LINE. 
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FIG. 2.---SECTIONS OF THE PENSTOCK AT THE HEAD OF THE FIVE PIPE LINES OF THE COLGATE POWER HOUSE. 


of the pipe is 30 inches throughout, and the maximum 
static pressure to which its lowest length is subjected is 
305 pounds per square inch, the head being 702 feet. 
The use of cast-iron pipe along sections of maximum 
pressure in pipe lines of this character was primarily due 
to the fact that it was impossible to purchase pipe of any 
other description at any price within the time specified 
for its delivery. Ina way, then, the use of the pipe was 
an experiment, but experience has demonstrated that no 
error was made in its installation. Each length of pipe 
has been tested to a hydrostatic pressure of 500 pounds 
per square inch. Moreover, cast-iron pipe is non-collap- 
sible, and its life is practically unlimited, for it rusts 
materially less than wrought-iron. The pipe is laid with- 
out angles or bends, and it is rendered absolutely rigid 
through the massive concrete anchorages that hold it fast 
to bedrock. 

The maximum velocity of water in the pipe line is ten 
feet per second. At the penstock independent gates are 
provided for each pipe line, as are also independent air 
vents and slip joints. At the power house the pipe lines 
deliver water through individual 30-inch gates to two 
separate headers, so arranged as to allow either of the five 
pipes to be filled from the bottom. The two pipes lying 
toward the east enter the ‘‘East End’’ header, while the 
three remaining pipe lines enter the ‘‘West End’”’ header. 
Fourteen-inch gate valves are provided for each main 


water wheel unit, but the exciter water wheels may be 
driven from either header. 

A novel innovation, due to Mr. A. E. Roberts, is found 
in the control of the 12-inch gate valves that are placed in 
the 14-inch pipe lines running between the receiver and 
the nozzles. The pressure on the gate when the valve is 
closed is nearly 50,000 pounds, to open which by a hand 
mechanism geared down to give an easy leverage would 
consume much more time than necessary to protect the 
pipe line. The pressure of the water in the receiver is 
therefore employed to open its own way to the wheels by 
placing two small 6-inch water motors on each end of a 
worm spindle for driving a worm wheel that is fastened 
to the travelling nut which raises the gate stem. To 
insure casy running and to guard against sticking, the 
worm spindle is provided with ball thrust bearings and 
the nut of the valve stem runs between roller bearings. 
The water motors are placed on the worm spindle with 
buckets and nozzles facing opposite directions, so that 
when the water is turned on to one wheel it closes the 
valve, and when the water is on the other wheel the valve 
is opened. These little wheels make from 10,000 to 
12,000 revolutions per minute and deliver in the neigh- 
borhood of four horsepower each, so it follows that the 
valve may be opened or closed by them very quickly. 
Moreover, as their action is gradual and properly timed, 
their use presents no danger of injuring the pipe line by 

water ramming. 











QUEER CONVEYANCES BECAME FAMILIAR ON THE MOUNTAIN ROADS. 


The history of the invention and develop- 
ment of tangential water wheels is clear, 
straightforward and indubitably authentic 
in so far as it accredits its inception and 
invention to Mr. Joseph Moore in 1874. 
Mr. Moore was then one of the owners and 
a director of the Risdon Iron Works, of San 
Francisco, and a brief review of the events 
leading up to the invention is of interest 
because of the controversy which has always 
existed upon the point. In March, 1874, 
Mr. G. Tiscornia, of San Andreas county, 
California, came to the office of the Risdon 
Iron Works, in San Francisco, and applied 
to Mr. Moore for information respecting a 
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water wheel to drive his quartz mill. Mr. Moore, after 
computing the amount of water and head available, found 
thai there was not sufficient energy in the water power at 
hand to perform the required work with the hurdy-gurdy 
wheels then used, in view of which he suggested to 
Mr. Tiscornia that the buckets be changed in shape so as 
to gain reactive effects and avoid oblique impingement. 
Mr. Moore then stated to Mr. Tiscornia that he would 
submit a sketch of buckets which would give much better 
Merch 29% 1374 Thua a pola a 
and a farect of hut avon SZ we 
oracle om face. Care burg Laken te gure Chstorele ane \A_y 
angl f LS nh ha acele f whl : 





\ 














ahem Through a-a 


Suche on 10 whl about 12 opart 
and wughung alot 3h 6 Cecach -6«4: 200 %bs 


Os 

co. - about . 
7 40 

yix 
Tso 


FIG. 3.---MR. MOORE’S ORIGINAL SKETCH. 


results and enable Tiscornia to drive his quartz mill with 
the water available. 

Mr. Moore did as agreed, for on March 29, 1874, he 
wrote to Mr. Tiscornia enclosing therein the sketch, 
which is here reproduced from the records of the Risdon 
Iron Works as Figure 3. This was followed by other 
corresponderce, all of which is preserved by the Risdon 
Iron Works, which embodied all the essential principles 
relating to the design of buckets for tangential water 
wheels. The two important principles expressed in these 
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FIG. 4.---THE MOORE BUCKET, PATTERN OF 1874, IN PERSPECTIVE. 


letters are that the jet of water should ‘‘enter the bucket 
without shock”’ and ‘‘leave without velocity,’’ and the 
execution of these principles today form the bulwarks of 
success in tangential water wheel design. 

These principles were fully embodied in a set of buckets 
made for Mr. Tiscornia in April, 1874, by the Risdon 
Iron Works’ None of the castings of these old buckets 
are in existence so far as itis known, but fortunately the 
pattern from which they were made is still in the poses- 
sion of the Risdon Iron Works, and it is so full of interest 
that photographic reproductions of it are here given. 
Figures 4 and 5 are halftone engravings presenting the 
front and rear views respectively of this valued relic, 
while Figure 6 is a true transverse section made from 
templates fitted to the pattern, the scale being reduced by 
photography in exact proportion of the original size, 
which was 8 inches in width by 3% inches in depth from 
the point of the wedge to the plane of the back of the 
bucket. This form of construction will at once be recog- 
nized as one which has since become known under a 
name different from that of its true inventor. 

While the principles of the tangential water wheel, as 
established by Mr. Moore, have been neither modified nor 
changed in any way since their announcement by him 
over a quarter of a century ago, it has since been found 
that all buckets having the corresponding elements of the 





FIG. 5 --- THE ORIGINAL PATTERN OF THE MCORE BUCKET OF 1874. 
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vanes of :the two halves plated parallel with each other 
are open to the Objection that the water discharging from 
the inner side of the vane is inclined inwardly from the 
usual tangential direction, as shown in Figure 7. This 
faylt is entirely avoided in .the present form of Risdon 
butket, which is constructed with tle corresponding 
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FIG. 6.---TRUE TRANSVERSE SECTION OF THE PATTERN FOR: MR. MOORE’S 
ORIGINAL BUCKET. 


elements of the vanes in the two halves of the bucket 
considerably inclined to each other at angle opening 
inwardly, as shown in Figure 8. By this construction the 
water discharged from the inner side of the vane is all 
deflected in a direction away from the path of the suc- 
ceeding buckets far enough to clear them entirely, after 
the manner admirably shown in Figure 9. 

These last two drawings illustrate practically the only 
improvements which have been made upon the principles 
set forth in Mr. Moore’s original declaration, and, indeed, 
they should be regarded as mere refinements of his mas- 
ter conception. These two illustrations, moreover, may 
be regarded as setting forth the theory upon which the 
Risdon wheels at Colgate are based and operate. 

Returning to the water wheel installation at Colgate, 
the water is thrown upon the wheel by a deflecting noz- 
zle which is connected to the pipe by a ball and socket 
joint. The nozzle is provided with riffles cast ou the 
inside to prevent the water from swirling as it approaches 
the discharge tip. That the riffles per- 
form their work admirably is shown 
by the non-retouched photograph 1 
on page 12 which was taken by flash- ; 
light in the wheel pit. The discharge om 
tip delivers_a stream four inches in 
diameter which delivers a mechanical energy amounting 
to 1500 horse-power from the wheel. Deflecting nozzles 
are used as the best means of effecting the regulation of 
the’ “power supplied by the wheels, and they possess the 








FIG. 7.---ANOTHER OF THE ORIGINAL SKETCHES. FIG. 9.-- 


10 THE JOURNAL OF ELECTRICITY, POWER AND GAS. 


[ Vol. XII—No. 1 





FIG. 8.---THE RISDON BUCKET OF TODAY. 


further advantage that by their use the velocity of the 
water in the pipe line remains the same at all times, thus 
avoiding the violent shocks on the pipe which are caused 
by suddenly diminishing or checking the velocity of 
water in the pipe line. The trunnion pins in the ball and 
socket joint are of forged steel working in sockets laid 
with bronze bushings. As the pressure on each pin is 
about 30,000 pounds, they have to be very large, and 
in order to insure a permanently tight joint a large wear- 
ing surface on the pins is allowed so that each pin will 


















-THE PERFECT CLEARANCE OF DISCHARGE CHARACTEIRZES THE RISDON BUCKET 
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THE 3000-HORSEPOWER RISDON WHEEL AT COLGATE.---VERTICAL SECTION. 


withstand a pressure of 800,000 pounds before breaking. 
As to the function of the deflecting nozzle, it may be 
stated as obvious that as the power required from the 
water wheels becomes less, the nozzle may be deflected 
downwardly, throwing a part or all of the jet below the 
buckets of the wheel, according to the power required to 
drive the load at normal speed. The nozzles are actuated 
by Lombard water wheel governors, which will be the 
subject of special consideration: further on. 

As to these wheels at Colgate, it may be said that both 
buckets and centers of wheels are made of the best quality 
of cast steel that can be obtained. Its unusual excellence 
is shown by the tests given in the table on page 12. 

A special test is made of each lot of steel used in the 
manufacture of Risdon water wheels in order to insure 
that none but the very best of material shall be used for 
every piece. The castings of the wheels, therefore, not 
only show unusual strength and toughness, but they are 
perfectly smooth and entirely free from blow-holes or 
defects of any kind. 

The wings of the buckets are milled out on a 
special Ingersoll slabbing machine and then driven 
on the edge of the turned disc. Holes are then__f 
drilled to template through the wings and disc 
and fitted with turned forged steel bolts driven in. 
The strain on one bolt may reach as high as 
65,000 pounds, so they are made strong enough to 
stand 700,000 pounds without breaking. When 
the wheels are working at 
normal load these bolts have 
the excessive factor of safety 
of nearly sixty, it being con- 
sidered by the Risdon Iron 
Works that the little extra 
for cost for excessive safety 
factors would: be-well repaid 
in the permanency of the 
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installation and the small expense for repairs or loss from 
stoppages in the future. 

The discs are carefully bored and shrunk on a very 
heavy shaft and keyed on in the shop. The factor of 
safety of the shaft against the combined forces of twisting 
and bending, or against torque and weight, is over fifteen. 
The ring oiling, ball and socket, adjustable bearings are 
of the type of the Stanley Electric Manufacturing 
Company, to correspond with those of the generators. 
The bearings have large surface and are lined with 
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THE 8000-HORSEPOWER RISOON WHEEL AT COLGATE.---TRANSVERSE SECTION. 
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which are the largest horizontal shaft 
tangential water wheels in operation 
in the world, each consist of two 
wheels mounted on a single shaft, each 










































































i es Oe wheel being driven by a single jet. 
iad te Each’ wheel is, furthermore, 8% feet 


in diameter, and it is significant of the 
sturdiness of the wheels to state that 
at times the blow imparted to the 
buckets from the impact of the jet of 
water striking them is upwards of 
thirty tons. The units are hand- 
somely enclosed in varnished wooden 
lagging, so deadened that in the 
power house the wheels run without 
perceptible noise. 



































. Besides these three 3000-horsepower 


























THE S000-HORSEPOWER RISDON WHEEL AT COLGATE.---HORIZONTAL SECTION. 


anti-friction metal. The oil wells are large and coated 

inside with enamel paint, so that the oil can be easily kept 

clean. They are provided with oil sight gauges and 

cocks for changing the oil when necessary. 

REPORT OF PHYSICAL TESTS BY THE ROBERT W. HUNT COMPANY ON THE 
WATER WHEEL BUCKETS AND CENTERS FOR RISDON IRON AND [L0CcO- 


MOTIVE WORKS. 


























TESTS OF SEPTEMBER 7, 1900. Parag pall 
EARS) ce 

Specimen number...... .......... | oo wy ay $ 2404 | 2392 
Ne ncctiicnioe kubninwadnnincn | cent’r | cent'r cent’r | buekts|| buckts| buckts 
Original area 5 square inches..... | 5217 | -5178 — +5255 4889 | -4501 
Fractured area square inches..... | -2688| *2922| .2672 | $0271] 20500 baa 
Eiongation in 8-inch.............- | 1.84 | 2.14 cml SMBN avccss | ceipine sae 
Elastical limit per square inch.... | 39,870) 37,080| mana 41 ,860 34,7701 39,770 
Tensile strength per square inch.. | _—" 62,200 ceanel 66 ,420|| 57 ,680 | 62,880 
Per cent. elongation in 8-inch..... | 23 00| 26.75 26.60] 26.00 — 28.00 
Character of fracture....... 2.0.0. tah eliky ON | omy pe ae 

| Zcup | 8s | cup f cup | 4 cup 
Per cent. reduction of area........ | Oe, 43.6) 49-38) ro | eee | teecee 
Accepted or rejected.............. | Acc. | Acc. | Acc. | Acc. Acc. | Acc 








The general arrangement of the gate valves, nozzles 
and water wheels with reference to themselves and to the 
coupling flange for driving the generator is shown by the 
frontispiece, which illustrates a 3000-horsepower set for 
direct connection to a 2000-kilowatt Stanley inductor t,1e 
generator. Three of these water wheel and generator sets 
are now in practically continuous operation in the Colgate 
power house. They run at 240 revolutions per minute, 
and the insulating flexible coupling connecting the water 
wheel and generator shafts consists of eight links of 
leather attached to pins projecting from two parallel discs, 
one on the end of the water wheel shaft, as shown in the 
frontispiece, and the other on an identically similar flange 
placed on the end of the generator shaft, These units, 


sets, the Colgate power house contains 
four other units, each having a capacity 
of 1500-horsepower and running at 360 
revolutions per minute. These units 
each have water wheels 59 inches in 
diameter, and are of the came general 
construction as that of the 3000-horsepower units already 
described. In addition the station contains two exciter 
wheels of a capacity of 75-horsepower each, the wheels 
having a diameter of 24 inches and running at 957 revo- 
lutions per minute. The total rated capacity of the water 
wheel equipment of the power house is therefore 16,500- 
horsepower. 

At the Colgate plant of the Bay Counties Power Com- 
pany the Lombard Type D governors are used. One 
governor has already been installed, and has worked so 
satisfactorily that more governors of the same type are 
being erected. This governor is one of the several types 
manufactured by the Lombard Governor Company of 
Boston, Mass., and is an extremely interesting as well as 
a very practical machine; in fact, it is almost human in 
action, and one cannot help but admire the beautiful 
precision and smoothness with which the various parts of 
the machine work for a common end—that of giving the 
proper motion to the water wheel gates or to a deflecting 
nozzle. 

If one has had an opportunity to study the governor in 
operation, he is surprised at the extreme sensitiveness 





A PHOTOGRAPHIC SHOT IN THE WHEEL PIT. 
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PLAN AND ELEVATION OF THE INTERIOR OF COLGATE POWER HOUSE—SHOWING LOCATION OF WATER W 
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THE-APPEARANCEZOF..THE .8000-HORSE POWER RISDON WHEEL. SETS DOES NOT CONVEY ANY IDEA OF THE GREAT 


that it has for the slightest variations in speed, while at 
the same time the ease and positiveness with which many 


times ponderous water wheel 
proper position. On further 
investigation he notices the 
simplicity and directness of 
the various mechanisms. 
What might seem at first as 
complex and unnecessary por- 
tions of the governor, appear 
to be of vital importance to its 
complete action, especially to 
the anticipatory effect it has 
for sudden load changes, 
which is peculiar alone to the 
Lombard governor. 

With this article isshown, on 
page 15, a sideelevation view of 
the Type D governor, which 
shows plainly the bed and legs 
of the governor supporting 
the hydraulic cylinder from 
which three stuffing glands 
project. Mounted on top of 
the cylinder is the governor 
top, with its pulleys and gov- 
ernor balls, while in back of 
the cylinder part of the pump 
box with the pump pulley can 
be seen. 
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Between the legs is a long 
tank, which is separated in two 
compartments, the vacuum 
and pressure parts, as indi- 
cated by a row of rivet heads 
appearing under the bed of the 
governor. The main governor 
shaft in front appears very 
plainly, with the clutch ar- 
rangement for disconnecting 
the governor from the shaft 
beyond the clutch. The clutch 
handle shows projecting above 
the clutch, while the hand 
wheel by which the gates are 
operated when the governor 
is not thrown in is also shown. 

On examination the gov- 
ernor may be divided into four 
divisions of its parts: First, 
the pumping system for giving 
oil under high pressure to the 
hydraulic cylinder, and then 
receiving it back again from 
the vacuum tank to which it 
was exhausted. Second, the 
hydraulic cylinder with its 
various valves and connections 
for properly distributing the 
oil, making it do work and then exhausting it. Third, 
the governor top, which by virtue of the nicely hung 
governor balls, gives the initiative to the motions of the 


ENERGY THEY CONVERT. 


gates are moved to the 





ee 


IN THE “ BIG UNIT” SECTION AT COLGATE. 
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hydraulic cylinder; and fourth, 
the connections between the 
large piston of the hydraulic 
cylinder and the water wheel . 
gates or deflecting nozzles. 

The action of the governor 
is as follows: Accurately hung 
governor balls are made to 
revolve by driving the gov- 
ernor top pulley from the water 
wheel shaft in question, and 
these balls, on account of their 
centrifugal force, are made to 
actuate a valve stem attached 
rigidly to a delicately adjusted 
triple valve, the case around 
which is shown on top of the 
hydraulic cylinder. This 
valve ports oil so that the up- 
per piston on the cylinder is 
run in or out according to the 
position of the governor balls, 
and the piston has a rod to 
which is attached a small rack 
that moves a floating gear 
shown below the rack. This 
gear, having no fixed center, 
moves over the top of a gear 
below it in turn, and gives motion to the middle valve of rack attached and the gate rigging. All valves are 
the cylinder. By the movement of this valve, oil is brought back on their center after either slight or large 
ported into the large cylinder below, which moves the motion of the water wheel gates. One of the conspicuous 
piston, and this in turn moves the piston rod, the large points of the Lombard governor is its ability to prevent 
racing. 

It should be added, that 
owing to the fluctuations 
which occur in the main pipe 
lines from various causes, and 
to the fact that perfectly uni- 
form pressure is advisable, if 
not necessary, for the attain- 
ment of highest possible effi- 
ciency in the operation of the 
Lombard governor, it is obvi- 
ously inexpedient to use the 
main pipe line as a source of 
water pressure for this service. 
Fortunately a sizeable and un- 
failing spring of water rises in 
the canyo. a few hundred feet, 
by way of the trail, back of 
the power house. A small 
rock and cement dam has 
been thrown across the can- 
yon, and this, serving also as 
a penstock, supplies an inde- 
pendent source of water under 
a pressure of 100 pounds per 
square inch for the operation 

















THE 2000-KILOWATT STANLEY INDUCTION TYPE GENERATORS RUN WITH ABSOLUTE PERFECTION 














AN INDUCTION MOTOR, A RISDON WATER WHEEL AND A DIRECT CURRENT GENERATOR CONSTITUTES THE EXCITER COMBINATION, Of the governors. 
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The building of the Colgate power house is of native 
rock laid in cement, and its construction is most substan- 
tial. Foundations go down to bedrock, and in some 
places it became necessary to exeavate as 
deep as from forty to fifty feet before the 
suitable footing could be reached. In all 
the total inside length of the buildizg is a 
trifle over 265% feet and its width is 35 

; feet, while the height of its side 
walls above the floor line is 
slightly over 22 feet. A feature 
of its construction is a subway, 
7 feet 4 inchesin width by about 
8 feet in depth, which extends 
throughout the entire length 















Tevvrves 


SIDE ELEVATION VIEW OF THE “TYPE D'’ LOMBARD GOVERNOR USED AT COLGATE. 


the building, and in which is run all the busbars and of 
wiring of the entire station, except those for the high 
tension lines which are run overhead. The receivers run 
parallel with and just outside of the north wall of the 
building, but the pipe lines, which separately 
supply the water wheels, are laid in concrete, 
thus forming an integral part of the founda- 
tions. All tail races are laid at a grade of 85 
three inches per foot, and as the length of 

the station is parallel with the bank of the 90 
river the wheels were set so that their dis- 

charge would be thrown direct into the river 85 


160 


through independent tail races. BP 
The shafts of the water wheels and gener- 3 go 

ators of the station rnn lengthwise with it, 

and those of the 3000-horsepower sets, sets = 75 


of equal size, that is, those of duplicate water 
wheel and generator sets, are in line. Take 
the three 3000-horsepower sets, for instance: 
At the easterly end of the station is placed, es 
first, a 3000-horsepower Risdon water wheel, 
then a 2000-kilowatt Stanley generator, then 
another Risdon wheel and so on until three 
Risdon wheels and three Stanley generators 
are in line, alternating with one another. 


70 


60 
1000 
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All shafts, whether of water wheel or generator units, 
carry a flange at each end, and these flanges are fitted for 
leather link driving, so that any generator may be driven 
by either of two water wheels; or vice versa, excepting, of 
course, the outer generator and water wheel units. The 
separation between abutting flanges is 3}3 inches, and they 
are approximately 5 feetin diameter. The shaft lengths of 
the water wheels and generators are respectively 16 feet 
8 inches and 15 feet 10% inches, while the distance 
between centers from water wheel to generator to water 
wheel unit, etc., is 16 feet 7,3, inches. 

This very flexible arrangement of water wheel and 
generator units does not exist in the smaller units, for 
with them each set is independent of the adjoining one. 
Flexible couplings are provided between each water wheel 
and its generator, but the sets are separated by a passage- 
way of nearly 3 feet between them. The over all shaft 
levgths of each of the 1500-horsepower sets is approximately 
27 feet, the generator shaft is 13 feet 1034 inches in length, 
the separation between the faces of the coupling flanges 
varies from 5% inches to 6,3, inches, so the lengths of the 
water wheel shafts approximates 12 feet 7 inches. 

In the center of the station, on the generating or 
southerly side, are located the two 50-horse-power exciter 
wheels and generator sets which supply the excitation 
current for the entire station. These exciters are gener- 
ally run in parallel, and in order to provide every pos-. 
sible safeguard against shutting down the plant by reason 
of the choking of the small jet of the exciter wheel, one 
of the exciter jets has been equipped with a 50-horse- 
power three-phase induction motor operated direct from 
the generator busbar. The exciter wheels are always 
operated with nozzles wide open, and although their 
nozzles may be deflected manually by a hand lever, this 
is never done, for the reason that any excess of power 
delivered by the water wheel beyond the actual require- 
ments for excitation purposes will be delivered to the 
shaft of the induction motor, which, in turn, will cause 
the induction motor to act as a dynamo, and thus deliver 
three-phase current to the generator busbars. On the 
other hand, should the water wheel fail, the induction 
motor will instantly pick up the exciter load and carry it 
without even attracting the attendant’s attention to the 
fact that a change has occurred. 
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CHARACTERISTIC CURVE OF THE 3000-HORSEPOWER RISDON WHEELS. 
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VOLUME XII JANUARY, 1902 NUMBER 1 
EDITORIAL. 
In the sunny southland of California is 
a world of electrical engineering develop- 
SOUTHERN A 
ment which would, but for its modesty, 
CALIFORNIA : 
stand alone as representative of much 
TRANSMISSIONS. 


which is best in American transmission 
practice. And why should it not be so? 
Southern California pioneered high voltage lighting trans- 
mission in the Pomona plant now passed into history; 
it pioneered polyphase transmission of power in the Red- 
lards plant, which is still in full load service day in and 
day out the year round; and it pioneered extreme 
long distance and extreme high tension transmission in 
the Santa Ana-Los Angeles transmission of the Edison 
Electric Company, which has in all probability the most 
successful record for continuous service of any transmis- 
sion in the West. More than this the growth of the in- 
dustry in the southern section of the state has been fully 
commensurate with the marvellous advances it has made 
elsewhere, so that today its engineers as a whole have 
earned the distinction of possessing a length and a breadth 
of experience in the development of water power at high 
head and the electrical transmission of its energy which 
is of incomparable thoroughness. 
se 

If one reviews this situation as it stands today from the 
standpoint of intimate acquaintance with it, he is im- 
pressed with the fact that several causes have contributed 
to the upbuilding of southern California as the scenes of 
the earliest activity in the development of this new 
industry. First is the economic condition, wherein the 
utilization of the energy of mountain streams became a 
necessity as the only means for surmounting the indus- 
trial handicap of high priced fuel. ‘The climate, almost 
ever dry and possessing absolute immunity from snow, 
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sleet and protracted rain, seemed to invite the use of high 
and yet higher potentials, and then southern California 
was very remote from the populous centers of the country, 
so that it presented an inviting field for the great manu- 
facturing companies to experiment. This’ they did, 
generally under coercion, for the fact remains that the 
most serious difficulty encountered in the promotion and 
installation of these early transmission enterprises rested 
in the unwillingness. of the great manufacturing com- 
panies to build apparatus along lines divergent from their 
standard practices, as well as in their doubt and incre- 
dulity of the technical feasibility of the schemes proposed. 
In the Pomona plant, while 10,000 volts had been used in 
Europe, it was but ‘‘a laboratory experiment utterly with- 
out commercial feasibility”; in the Redlands plant, an 
electrical engineer who has since achieved national renown, 
staked his reputation as an enginéer that the Redlands 
generators would not synchronize and run in parallel; 
and when the eighty-three mile 33,000-volt transmission 
into Los Angeles was proposed it was characterized as 
both chimerical and preposterous. The electrical trans- 
mission world can never fully realize the difficulties which 
beset these early enterprises, nor can they ever properly 
appreciate the service which they gave in hastening the 
industry into existence. And if the transmission world 
ever becomes appreciative of any of these instances, it 
will be of the services of the late Mr. A. W. Decker, 
whose engineering ability inspired confidence on the part 
of the promotors and investors, and compelled co-opera- 
tion on the parts of the manufacturing concerns in the 
successful accomplishment of these earliest of transmission 
enterprises. It need not be cited that the engineering of 
the Pomona plant, the Mount Lowe railway and the Mill 
Creek No. 1 system of the since absorbed Redlands Elec- 
tric Light and Power Company are the fruits of his brain, 
to convince of his standing in the chronicles of engineer- 
ing development in southern California. Looking beyond 
this, as is meet, one will find that the chronicles of south- 
ern California engineering development are to a very great 
measure the chronicles of transmission engineering de- 
velopment from its very earliest stages, and in them 
Mr. Decker’s name must ever be uppermost. 
re] 

It is a recreation of no mean order to make a tour of 
the various electrical enterprises of the southern portion of 
the State, especially if it be done during the winter 
months—the winter months of paradise, when tens of 
thousands from all parts of the world are making this 
sunny southland their Mecca. ‘The business interests of 
Los Angeles, for instance, as with all other sections, do 
not seem to be at all commensurate with the size and 
importance of the place, but then the majority of people 
go to Los Angeles to live. not to make money. The city 
must stand high in per capita wealth, and, indeed, the 
same is true regarding the entire region. As a result the 
electricity supply of southern California has a distinct 
caste, so to speak, from that of almost any other large 
community. The greater portion of the consumption of 
electric power is for electric railway purposes, which, 
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together with the lighting service, constitute the bulk of 
the electrical business in and about Los Angeles in par- 
ticular. Elsewhere, however, the bulk of the load is due 
to pumping for irrigation purposes as well as to lighting. 
Practically nowhere is the load due to ordinary commer- 
cial electric power service of any great significance, for 
southern California is a land almost without factories or 
heavy manufacturing interests. Aside from the retailing 
which goes with every populous community, its generally 
magnificent hotels and its fruit and viticultural interests 
are the exponents of its two leading lines of industry. 
The tourist travel during the winter months is enormous, 
and its countless miles of matchless orchards possess all 
that is necessary to make a semi-rural life of absolute 


idealism. 
& 


The electrical situation resulting from these conditions 
is a very interesting one: The system of the Edison Elec- 
tric Company, of Los Angeles, which embraces almost 
the whole of the San Bernardino and San Gabriel valleys, 
as well as extending southerly as far as Santa Ana, car- 
ries its peak loads in the summer months, its winter 
loads being of minor concern. This is due to its heavy 
pumping loads, which run continuously for six or eight 
or ten months during the year, according to the amount 
of rainfall. Here an anomalous situation is presented: 
The greatest demand upon the transmission system comes 
at the time of the minimum flow of water in its streams. 
Were the rivers running full there would be plenty of 
water in the valleys below and irrigation by pumping 
would be unnecessary. The demand for power is imper- 
ative and must be met, and so it is that the conservation, 
conduction and application of water has, perforce, become 
a far more exact science in southern California than else- 
where. A single inch of water has a value of many hun- 
dreds if not thousands of dollars, if it be perennial, for 
irrigating use alone, and when to this value is added that 
due to the development of power from it, as is possible in 
the high mountain ranges, there becomes ample incentive 
for the exercise of extraordinary effort toward its develop- 
ment and application. Strenuous efforts have been put 
forth, therefore, to develop water from every possible 
source, but these efforts are not less zealous than are those 
directed toward securing absolute immunity from inter- 
ruption from accident occurring to the waterways. 


ad 


The labors of the hydraulic engineer as evinced in the 
work on the watercourses of the transmission plants of 
the Santa Ana and San Gabriel river canyons are of the 
highest possible standards of excellence. They are built 
as if for all eternity, and an incidental to their stability, 
yet vital to the transmission service they render, is the 
fact that they have never failed in the performance of 
their duty. Shutdowns of these power plants from flume 
or ditch breakings are rot within their experience, nor is 
it likely they will ever know trouble from these causes. 
Absolute continuity of service so far as the power plant 
is concerned is the reward for this class of construction, 
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and it is a reward well worth the effort. Indeed, let the 
log books of the water power stations of California tell 
their own story, which will be that tunnels give a reliabil- 
ity in service that is not possible of attainment with 
flumes or ordinary ditches. More than this it must be 
said that the watercourses of the great transmissious of 
the future, whenever they are operated at high heads and 
with comparatively small volumes of water, will be of the 
substantial type of construction wherein natural rock or 
concrete is used to the absolute exclusion of timber or 
earthwork of any sort. 

Of this, then, we may be sure. The great electrical 
transmissions of southern California are far in the lead of 
those of other sections in the substantiality of their water- 
courses, yes—as far ahead as they were in the lead of all 
others in the pioneering work which has made them 
famous throughout the engineering world. 


One of those situations which some- 
times confront editors to their great dis- 
comfiture has been brought about through 
the publication in these columns* of the 
claim of Mr. Fred. M. Locke that the 
‘**eave-trough’ insulator, as used by 
the Bay Counties Power Company and the Standard 
Electric Company of California, are wholly of his (Locke’s) 
designs and patents.” That this statement is a palpable 
error is indisputable, for on December 18, 1900, United 
States letters patent No. 664,301 was issued to Richard 
H. Sterling upon a form of so-called ‘‘eave-trough”’ in- 
sulator for use on high tension lines, which, from the 
illustrations and description appearing in the specifica- 
tions of the patent, appears to be identical with the insu- 
lator which the Standard and Bay Counties companies 
are using to-day. This patent is now owned by the 
Stanley Electric Manufacturing Company, of Pitisfield, 
Mass., and publication of the evident inadvertance in 
which credit is claimed for the ‘‘designs and patents’’ 
upon which the eave-trough insulator is established, 
works a regretted injustice to Mr. Sterling as well as, 
furthermore, a serious injury to the Stanley Company. 


ad 


THE INVENTION OF 
“ EAVE-TROUGH” 
INSULATORS. 


It would seem to the disinterested observer that, unless 
it be checked at the outset, a controversy is likely to 
develop over the inventorship of this very efficient type of 
insulator, but it cannot be pointed out wherein such a 
controversy would be other than unnecessary and unfor- 
tunate. The patent stands in Mr. Sterling’s name as 
inventor and in the Stanley Electric Manufacturing Com- 
pany’s name as assignee. Moreover, Mr. Locke is the 
exclusive manufacturer of the insulator, which is known 
to the trade as Locke’s ‘‘No. 304 ‘Victor’ Combination 
Insulator for 60,00 Volits,’’ and it is a reasonable presump- 
tion that he is manufacturing it under license from the 
Stanley Company. All is well, then, and so let it remain 
in peace and harmony. 


*THE JOURNAL, Volume XI, page 264, November, 1901. 
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INDUCTION MOTORS AND ROTARY CONVERTERS.* 
BY CHAS. F. SCOTT. 


WO important functions of an alternating current transmis- 
sion system are the production of mechanical power and 
the furnishing of direct current. The induction motor and 

the rotary converter have become the usual means of transform- 
ing energy into these forms. The wide extent to which they are 
now used is a notable feature of recent electrical progress. An 
examination of their behavior in service, especially in connection 
with other apparatus which might be used for the same purposes, 
will indicate the particular characteristics which have made 
them so successful. Occasion will be taken, also, to note some of 
the important inter-relations between the various kinds of receiv- 
ing apparatus and the transmission circuit and the generators by 
which they are supplied with current. 

Power may be produced by the synchronous motor or by the 
induction motor. A comparison between the two motors may be 
made by placing in parallel columns their respective character- 
istics in services, 7. ¢., those which concern the operation rather 

than the design. An induction motor with a 


THE secondary of the ‘‘squirrel cage’’ type, started 
INDUCTION by applying a low electromotive force to the 
MOTOR. primary, is taken for comparison—the descrip- 


tion will require modification is some particu- 
lars if the secondary circuit is provided with adjustable resistance. 
These are of minor importance and do not affect the general com- 
parison. 


SYNCHRONOUS MOTorR. INDUCTION MOTOR. 


AUXILIARY APPARATUS. 


1. A starting motor; or, if self- 1. A two-way main switch with 
starting, some form of auto transformers giviny a 
resistance or transformer low electromotive force 
for reducing the voltage. forstarting. This may be 

located at any distance 
from the motor. 

2. An exciter, driven by the 2. No exciter is required. 
motor or otherwise, with 
circuits to switchboard 
and motor. 

3. Rheostats for exciter and 3. No field rheostats are re- 
motor. quired. 

4. Instruments for indicating 4. Noinstruments are required. 
when field current is prop- 
erly adjusted. 

5. Main switch and. exciter No exciter switches are re- 
switches. quired. 

6. A friction clutch is required 6. No friction clutch is re- 
in many cases. quired, as the motor starts 

its load. 


- 


CONSTRUCTION. 


Armature winding. I. Primary winding. 
2. Field winding with many 2. Secondary, short-circuited. 
turns. Liable to accident 
from ‘‘field discharge ’ if 
exciting current is sud- 
denly broken; or from 
high electromotive force 
by induction from the 
armature if the field cir- 
“cuit is open. 
3. Collector rings and brushes. 3. No moving contacts on 
‘‘squirrel cage” secondary. 


STARTING—NORMAL, 


1. Motoris broughtuptospeed 1. Throw switch to starting 
without load; if starting and then to running posi- 
motor 1s used, the main tion. 
motor must be brought to 
proper speed and ‘‘syn- 
chronized’’; if self-start- 
ing, the starting devices 
must be cut out of circuit 
at proper time. 


*A paper read at the eighteenth annual convention of the American Insti- 
aute of Electrical Engineers, Buffalo, August 22, 1901. 


SYNCHRONOUS Moror. 
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INDUCTION MOoTor. 


STARTING— NORMAL.—CONTINUED. 


2. Exciter is made ready for de- 


livering proper current 
and the motor field must 
be excited, adjustments 
being made by rheostats 
until instruments give 
proper indication. 


3. Load is thrown on by friction 


clutch or other means. 


There is no exciter. (The 


motor is magnetized by 
lagging current from the 
generator. ) 


3. The motor starts its own 


load: 


STARTING-—ABNORMAL, 


If the several operations in 


starting be performed im- 
properly orin wrong order 
injury may result. If a 
starting motor is used the 
synchronizing may be at- 
tempted at an improper 
speed or phase; if the 
motor is self-starting and 
it is connected to the cir- 
cuit without the starting 
devices a large current 
will flow which may in- 
duce a high electromotive 
force in the field circuit; 
if the field circuit be open 
a high electromotive force 
may be induced in it at 
other times also. 


2. If a load having inertia be 


applied by closing the 
friction clutch too quickly 
the motor may be over- 
loaded and stopped. 


3. If motor stops owing to fail- 


ure of current supply, it is 
not self-starting when the 
current returns. An at- 
tendant is always required 
for starting. 


The only possible error is in 


starting with the switch in 
the running or full voltage 
position, which simply 
causes the motor to exert 
a greater torque and con- 
sume a greater current 
than is necessary. 


2. The motor starts its own 


load and requires no fric- 
tion clutch. 


3. The motor will stop if the 


current is cut off at the 
power house and then 
start again when the cur- 
rent is supplied to the 
circuit. 


STARTING AND MAXIMUM RUNNING TORQUE. 


The starting torque of the 


self-starting motor is very 
small and an _ excessive 
current is required for de- 
veloping it. The motor 
starts as an induction 
motor, but inefficiently, as 
the designs which is best 
for synchronous running 
is nat good for starting. 


2. The maximum torque is sev- 


eral times the full load 
torque, and occurs at syn- 
chronous speed; below 
this speed the torque is 
very small; any condition 
which momentarily 
lowers the speed causes the 
motor to stop. 


SPEED. 


1. The motor has a single defi- 


nite speed; at other speeds 
its torque is very small 
and the current is very 
large. 


The starting torque is adjust- 


able and may be several 
times full load torque. 


2. The maximum torque is 


usually greater than that 
of the synchronous motor, 
but it occurs at a reduced 
speed and there is a large 
torque at lower speeds. 


The motor inay be designed 


for a practically constant 
speed, with large torque at 
lower speeds; or for sev- 
eral definite speeds bv 
changing the number of 
poles; or for variable speed 
work, such as is required 
for cranes, elevators, hoists 
and the like. 
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SYNCHRONOUS MOTOR. 


CURRENT. 


1. If there is useful starting 
torque the current required 
for producing it is very 
great. 


2. The running current depends 
upon the wave form. If 
the wave form of the motor 
and of the circuit differs, a 
corrective current will fol- 
low which cannot be elimi- 
nated by adjustment of 
field excitation. 


3. Therunning current depends 
upon uniformity of alter- 
nations of the current, 7.¢., 
upon the uniformity of the 
speed of the generator and 
othér synchronous motors. 
The motors attempt to fol- 
low the generator speed 
exactly. If the latter pul- 
sates, the motors pulsate 
also; they vibrate about a 
mean position, ‘‘ hunting” 
or “pumping.” One 
motor pumping incites 
others. The current is 
increased even though the 
conditions may still be 
operative. 


4. Therunning current depends 
upon the relation between 
the field current (which is 
adjusted by the attendant) 
and the electromotive 
force of the circuit. The 
main current may be made 
leading or lagging or the- 
oretically it may be 
neither. The electro- 
motive force of the circuit 
is an element which is 
under the partial control 
of the attendants at every 
motor as well as at the 
generator station. 


I. 


INDUCTION MOTOR. 


The starting current may be 


made proportional to the 
torque, and is one and one- 
half to two and one-half 
times that required for the 
same torque at high speed. 


2. The running current is prac- 


tically independent of the 
difference in wave form, 
as it has no wave form of 
its own. 


3. The current is practically in- 


dependent of fluctuations 
in generator speed, as 
there is a slip between the 
synchronous and the ac- 
tual speed of the motor. 


4. The currentis not subject to 


any adjustments which the 
motor attendant can 
make, nor is the electro- 
motive force of the circuit 
in any way under his con- 


trol. 


POWER FACTOR. 


1. As the power factor is the 
telation between actual 
current and energy cur- 
rent, it is dependent upon 
wave form, hunting and 
field current. Under 
favorable conditions the 
motor may have a high 
power factor; under many 
actual conditions it may 
not; under some con- 
ditions the highest attain- 
able power factor is less 
than that of the induction 
motar. 


2. The current may be lagging 
or leading, depending 
upon the motor field 
strength. 


The power factor varies with 


load, but is definite and is 
practicalky independent of 
wave form and hunting. 


2. The current to the motor is 


always a lagging current. 


REACTION UPON GENERATOR AND CIRCUIT. 


1. The motor impressess its 
own wave form on the cir- 
cuit. 


I. 


The niotor has no wave form 
to impress upon the cir- 


cuit; its tendency is to 
smooth out irregularities 
in a wave which is not a 
sine wave. 


2. 


3- 


4. 


5- 


I. 


2. 


I. 


SYNCHRONOUS MorTor. 
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INDUCTION MOTOR. 


REACTION UPON GENERATOR AND CIRCUIT.—CONTINUED. 


A motor may augment the 
fluctuations in generator 
speed by the oscillation of 
its own armature. One 
motor may increase the 
disturbance in the circuit 
so as to interfere with 
other motors which would 
not have been seriously 
affected. 

As the current may be either 
lagging or leading, the 
dropin electromative force 
in the generator and be- 
tween generator and 
motor may be either more 
or less than that which 
could be caused by a non- 
inductive load or by an 
induction motor. 

If a short circuit occurs in 
the transmission system 
the motor acts as a gener- 
ator, which thereby greatly 
increases the current and 
the intensity of the short 
circuit. 

If the circuit is opened, 
either by a switch, a cir- 
cuit breaker, a fuse or the 
breaking of the line, the 
motor speed falls, its elec- 
tromotive force is no 
longer in phase with that 
of the circuit; the two are 
thereby added, thus 
doubling the normal elec- 
tromotive force and bring- 
ing increased strains on 
the insulation and the 
opening devices. 


2. The motor has a damping 


action upon fluctuations in 
frequency; in some cases 
a synchronous motor 
which hunts may run 
smoothly when an induc- 
tion motor is connected to 
the same circuit. 


3. The drop in the electro- 


motive force is always 
greater than would be 
caused by non-inductive 
load. 


4. The motor does not generate 


current when there is a 
short circuit. 


5. The motor does not generate 


electromotive force when 
it is discounected from the 
circuit. 


CAUSES WHICH MAY ACCIDENTALLY STOP A MOTOR. 


Momentary lowering of elec- 
tromotive force caused by 
short circuit on the line, 
or by accident at another 
motor, or by error in syn- 
chronizing a generator, or 
by the ‘‘switching over” 
of the motor from one cir- 
cuit to another, is apt to 
cause the motor, particu- 
larly if carrying load, to 
fall from synchronism 
and come to rest. 

A heavy load, even momen- 
tary, may exceed the lim- 
iting torque and cause the 
motor to drop from syn- 
chronism, even though the 
load be removed immedi- 
ately. Theconnection be- 
tween generator and motor 
is rigid, 

If the gé@nerator speed sud- 
denly increases, a motor 
carrying a load having 
inertia may be unable to 
increase its speed quickly 
without exceeding the lim- 
iting torque, which will 
cause the motor to stop. 


SUMMARY. 
The motor is an active ele- 


ment in the system; it acts 
as a generator in impress- 
ing its own wave form, its 
electromotive force and 
its fluctuation upon the 
circuit. These fluctuations 
may be caused by an in- 
termittent load. 


I. 


Momentary lowering of elec- 


tromotive force causes 
momentary decrease in 
speed. 


2. An excessive load receives 


the stored energy of the 
motor and of the load 
itself as the motor falls; 
when the excess load is 
removed the motor speed 
increases again. The con- 
nection between generator 
and motor is elastic. 


3. The motor readily follows 


I. 


changes in generator 
speed. 


The motor is a passive ele- 


ment in the system. Each 
motor attends to its own 
work and does not try to 
run the system. 
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SYNCHRONOUS MOTOR. 


INDUCTION MOTOR. 


SUMMARY.—CONTINUED. 


2. The motor is a sensitive ele- 


ment in the system. Its 
successful operation is de- 
pendent upon a proper 
relation between the de- 
sign of the motor itself 
and of other machines 
connected with the sys- 
tem. Its successful oper- 
ation also depends upon 
the proper adjustment 
and freedom from speed 
fluctuation in generators 
and other motors. It is 
liable to momentary varia- 
tions from normal condi- 
tions, such as a sudden 
overload and sudden in- 
crease of generator speed 
or a momentary fall in 
electromotive force. 


3. The motor requires skill and 


care on the part of the at- 
tendant for starting, for 
readjusting and for keep- 
ing the various brushes 
and auxiliary apparatus in 
proper condition. 


4. The power factor is under 


the control of the oper- 
ator and the current may 
be made leading or 
lagging. Instruments 
are necessary in order that 
proper adjustments may 
be made by the attendant. 


2. The motor is not sensitive to 


differences in the design 
of other apparatus operat- 
ing on the same system. 


3. Noexperience and electrical 


skill are required of the 
attendant and there is lit- 
tle or nothing to get out 
of order either through 
carelessness or design. 


4. The motor has a definite 


power factor, depending 
upon the load; the out of 
phase current does not 
vary greatly at different 
loads. Thechanging load, 
therefore, has compara- 
tively little effect upon the 





drop in voltage, and in 
regular service there is lit- 
tle liability that the motor 
will disturb the electro- 
motive force of the circuit. 


5. The motor and its operation 


5. The motor and its operation 
are simple and reliable. 


are complex and involve 
many possibilities of acci- 
dent. 


The synchronous motor is obviousiy not suitable for general 
distribution of power, owing particularly to its lack of starting 
torque, the skill required in attendance and the liability of the 
motor to stop if the conditions become abnormal. These objec- 
tionable features, however, are of much less importance when 
motors are installed in substations or are of sufficiently large size 
to justify an attendant. 

The characteristic of the synchronous motor which may be par- 
ticularly advantageous is the fact that the power factor of the 
current can be varied and that the current may be made leading. 
In this way the current required and the drop in the generator 
and transmission circuit may be reduced. If the motor is used on 
a circuit supplying induction motors the synchronous motor may 
be given a leading current, thus neutralizing the lagging current 
to other motors. The extra current taken by the synchronous 
motor for this compensation necessitates a larger size than would 
otherwise be required. 

The characteristic of the induction motor which is usually 
regarded as most unfavorable in comparison with the synchronous 
motor, is the fact that its current is always a lagging current. In 
a comparison with synchronous motors only large sizes should be 
included, as synchronous motors of small size are not to be 
seriously considered in practical work. The induction motors of 
large size have relatively high power factors, 7. ¢., the out of phase 
current is small. Moreover, this current is definite in kind and 
nearly constant for different loads, so that it is a definite and con- 
stant element which may be provided for. It may therefore create 
less disturbance on the system than the out of phase current of the 
synchronous motor, which is either lagging or leading, large or 
small, depending upon the intelligence and care of the attendant 


L[Vol. XII—No, 1 


and upon other conditions. In one case the voltage of the system 
is under the control of the attendant in the power house and the 
lagging current to induction motors which are running with either 
constant or varying load is practically constant. On the other 
hand, when synchronous motors are used, the voltage of the sys- 
tem is dependent upon all the motors, and uncertain or disastrous 
results are liable to be caused by adjustments by the various motor 
attendants. In many cases it is far better to provide the generators 
and circuits suitable for supplying the lagging current required 
by induction motors‘ rather than to attempt to gain the theoret- 
ical advantages attending the use of synchronous motors, as the 
securing of these advantages requires that so many conditions 
be favorable. At best the synchronous motor is less satisfactory 
to operate and is far more sensitive to abnormal or emergency 
conditions than the induction motor. 

The foregoing considerations will indicate why it is that the in- 
duction motor has taken such a leading place, while the synchro- 
nous motor has been less favored and is now rarely considered 
seriously as a competitor of the induction motor except in large 
sizes. 

The rotary converter is in its relation to the transmission sys- 
tem essentially a synchronous motor. The foregoing character- 
istics of the synchronous motor, except those which involve a load 
upon the motor, apply also to the rotary converter. The starting, 
however, is somewhat simpler, as there is no load to accelerate 
except the armature. No separate exciter is necessary, as the 

converter can furnish its own direct current for 
THE exciting. A converter may be compound 
ROTARY wound so that as it is loaded the increased 
CONVERTER. excitation changes the out of phase current in 
such a way as to compound the voltage, thus 
overcoming the drop which would otherwise occur in generator 
and transmission circuits; whereas, the synchronous motor would 
cause a falling off in voltage. The rotary converter is generally 
used in units of considerable size placed in substations having 
skilled attendants. For these reasons the operation of rotary con- 
verters does not involve so many difficulties as that of synchro- 
nous motors. 

Direct current is obtained from alternating circuits, either by 
the rotary converter or a motor-generator, in which either a syn- 
chronous or an induction motor is employed. 

The rotary converter has the advantage over the motor-gener- 
ator in point of cost, there being but one machine instead of two; 
in point of efficiency, there being the loss in one machine instead 
of two; and in its effect upon the voltage of the transmission sys- 
tem, as it may be compounded to overcome the drop which would 
otherwise occur in generator and transmission circuit. On thc 
other hand, the electromotive force of the direct current delivered 
by the coverter depends upon the electromotive force received; 
whereas, the electromotive force of a motor driven generator is 
independent of the electromotive force of the supply circuit, and 
may be adjusted or compounded as may be desired. It is found 
in practice, however, that the voltage delivered by a rotary con- 
verter can be satisfactorily adjusted and controlled by regulating 
devices or by compounding, so that usually the close relation 
between the electromotive forces at the two ends of the converter 
is not disadvantageous, provided the electromotive force of the 
supply circuit is reasonably constant. 

This statement applies to those cases in which a practically 
constant voltage is desired. There are, of course, special cases in 
which the voltage is to be adjusted over a very wide range or 
where for other reasons the motor-generator is to be preferred. 
In many cases the motor may be used either with or without 
transformers, whereas they would be required with a rotary con- 
verter. 

A motor-generator employing a synchronous motor does not 
seem to possess any essential advantage over the converter except 
that sometimes the motor may receive the line voltage without 
transformers, and in some cases the independent control of the 
direct current voltage is desired. The use of the synchronous 
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Chemical 

Synonym. 
Carpposs hav. 
Mt, 


a, 


Ae: 


orbonic 


Ges 
fire Damp 
ter 


Dat hare. 


Orhy/ere 


Whiner 
Mle :272O7F3 


Ghamic ¥ or 
Wergr?.* | Wesghis 
Qromic or 
Mass. Mass, 


10075 2.0/5 


a 


46. 32, 


a 
14.045 


of 
mids. 
992%, Per 
he 
OOSE/ 
O8B9GZ/ 
« 
07842 


« 
O8O7ZS 


06733 
0078/0 


12343 


04488 


08428 
SZ359 
/6239/ 

20223 
24/54 
07298 
O7949 
LITIF 
S5726 


2/895 


R.—Atomic weights according to Richards, 


rot 

a2 
aoe 
O8987 
1.4290 " 
x 


4.256/ 


x 
1293+ * 


1.07852 
L25/ 
4.977 
7/9 
42413" 
1.97997 
260977 
3.23959 
3.86942 
1.16907 
1.273 
188943 
25/924 


3.5072 Z 


a . 


wml lb\ Livers in 


at 2292 Im. of 
Plercury ot 
32°F 


47823 


11.209" 
12.752 


42.387 


14.853 
/ 2804 
8/02 
2230/7" 
11.866 
8.09/ 
6./38/ 
4.9491 
4./400 
43.70/ 
/2580 
849782 
6.3587 


4.5675 


at 


69974 
7 9608 


77330 


927/0 
7993/ 
5058/ 
4.39700 
8.05500 
50508 
38320 
30866 
25844 
8554 
JESS 
3293 
39693 


LESH 


Cc 


Cc 


Wergh? of |Werght af 


1m. of Mer\ 22 Lbs. 
cay ato |Icu: 2 


44.42 700 


06733 


033473 


033665. 


0335938 
067533 
4 OOI8+F 
+349647 
/683/7 
20/973 
06733 

068063 
SO0098+ 
Jf oFG2+ 


20/973 


from table prepared by F. W. 


Ingrams | in 


Z Lier 


107852 
536/8 
53922 
5538/2 


39183 


“46/780 


2/57 
2.69633 
3.23575 
1.07853 
4030 
16/78 
2/5707 


3.23559 





PROPERTIES | OF 


Cc IT Fi oO oO Yokmeec of | Yolvure 


Wergh? at |Werght of | Wergh? of | Werghi of | Weigh? of | ™* an Volume — 
Wi: ° z 


Oxyg ex. || Formed 


ny gen of Or for ¢ 


jngrams \inibs.jn | i grams.| InIbs.m | ‘In grams Prom, 
LLiser |Icev. Tiiter. \Jev. #2 2 TLiter 


ooset "| 08987 HhQ-H0| 141i | No Resch é 


Comdbusivan Lain L 


a 
0892! 4.4290 “\No No 0| No 


No Feaction | Ne on| No p Feoction 
No on| No. Feacthor| No Reaction|\Ne Feactre: Aeocton 


Ne F. on| No Feaction| No feector | No o| No Feactran 
"O° Ftaction 
1.07852 +2 7c zc 256 


536/8 0446 7/438 \Co+fo-co, | £¢0 /€0 239 « 
53922 089766 | 443779 reac tron ) Feactror,.| No 


538/2 | 0//282 | 48075 camel 2e% | a ase 
99163 | 0/695 | 294973; <q +30. “46,4, | 2G, 16.73 
, = 


46/780 | O226/ 3562/7 led 5IGM%, 3O, 4, 23.390 


/f, 
2/57 O2626 | 45272, 386, H,, | 4G, My 3/.07 
2.69633 | 0339/2 | 5453246 ing o FC 442 | SGM, 38.24 


3.23575 | 03956 | 635650 “ie* 44 GM, | 6 he Mn 4541 


1.07853 | 005652 | 090544 ng MG Hy, | Bon My 114.98 


4.0390 0/1143 /83020 £0,444 | 2%, 14.34 
16/78 | 0/6956 | 27/630 2ZEO,4, | 30, Me +t 21.5/ 
2/5707 | 022608 | 362/76 e 30, My | 40, 6 2866 


3.23559 | 0/6956 | 27/633 25 Oo Me | COG, 7t 35.85 


prepared by F. W. Clark (1900), Journal of the American Chemical Society, Volume XXI, No. 2, February, 1900. K.—Kent’s Eng 
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F GASES. 


Wergh? of Oxygen wa) Weigh? of ir Bepured Vlerghis of Products af Combusiin 
for CamDbDushenr otf Sor Combvuanon of Ce 2 O. 


gram Lbs. Pom | Lbs. from | Grams from ibs from lds. ow |\Grams from 
Tle. ‘| 2 2B. FLator. 


Titer. Zev. 


: . gram 
L172 Lbs jraws /LDd.19 LDS. Graz. st cu. ff 


7.943 34.535 No Reactron| No on| No : osorsg | 894/ 4035 
No Reaction Neo Reaction Areecton| Ne Reaction | No : 07| No Feactron.| No 
Ne feactien No Reecton No feachon.| Ne Reaction Freactior. o7\ No Reactron| Ne 
Ne Feactiore No Reaction No ftactren| No Feoctian| No 97.| No oaa| No 
Ne Aasction No fester No o7.|\ No Reaction| No Ne oni No Reoctror.| No 
es Sy "Gree¢ 24683 | 36666 | 395/5 ain| Mo 
S45 2.4843 42272 4577/3 1.9659 on| No 
No Reectian No. Reaction Ne Reocton| No on| Ne Ne won| No 
4992 17.354 423/45. | 2.7443 4973 2.7443 | 7 0087 22474 1.6158 
&7Z28 46.21 24675 | 2.95285 3.6355 29285 | 151753 47985 2.2325 
3.63/3 15.786 37029 | 29959 5.932 29959 | ZLOZS2 46353 3.2380. 
3.58/7 15.577 99366 | 30304 7508 30304 | 24429 45507 40475 
315508 (E937 6/718 | 3O05/7 9.8865 3205/7 | 30323 1A 993 +8579 
3.5305 s5. 352. 74056 | 2066 4 B62 3.066 | 3542 14645 | 566609 
30745 43.367 24672 | 33822 3.954 3.3822 | OSOS5/9 6924 80932 
34246 14% 889 2d9S/ 3439 39962 3.439 SOZIT 12852 76360 
3.4246 44.889 37029 | 3.14393 593/5 3.4393 | SE/71 42862 24302 
3.4246 14.889 4937 3/392 7I084- 3/392 | 20272 42652 3.2380 
3.0750 13.369 7405 33826 41.862 23826 | 45/57 S924 2.4285 
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ag “3 o ** ¢ to CO,—11. §92 
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Yokuze |Weigh? of Oxygen wa Weigh? of Air Bequred Weghis of Prodvcis af Combustion. | 
of Or for Cambusizen of for Combushon of CO, Ae | 


. lgram . lgrow Lbs. hom | Lbs. from | Groms from| Goms ton| Lbs from Lbs. fom 
ibs Lbe Sjreme Idina LPS. | “grams. leu. PP rib. 7 2 iPer. J Gram. rev.f@ | 2 2b. 


1.943 34.535 No Reaction| No Reach on| OSOISF | 894/ 
No Reection No Rescton Areection.| No Reaction Reaction Feaction.| Ne Reaction, 
Ne faction No Reaction No Feectron.\Ne Reaction Freaction. No Reaction Preachan. 
No Reactior2 No Reaction No feactren| No Reaction No on| No Reactio 
Neo Aeaction No feetien No o1|\No Reaction No Reacton| No Reacti 
poe nag “4 7960 24683 | 3.6668 3.95/5 3.6668 Freaction| No Reaction 


S45 2.4843 J2272 | 4577/3 19659 1.5713 on| No Reaction 


No feection No. Reaction No Reochon| No on\Ne Feactron| No Meaction,| No wd No feaction 


17.354 4231/5 2.7443 14973 2.7443 | / 0087 22474 
46.2/ 24675 2.9285 3.6355 29285 | J5453 L7985 
15.786 37029 ZIDSI 5.932 29959 | 2OZ/2 46353 
4S. S77 49366 | 30304 73908 30304 | 24429 45507 
(5:437 4/7/18 | 305/7 9.8865 3905/7 | 30323 14993 
45.352 74056 3066 4862 3.066 3542 14645 
13.367 24672 | 33822 3954 3.3822 | 0505/9 6924 
14889 24951 | 3/39 3.9962 3./39 SO2ZIT 142852 
14.889 37029 3.4393 5.93/5 3.4393 SEIT 42862 
14.889 4937 3/392 7.I084 3/392 | 2027/2 128652 


43.369 7405 3.3826 44862 33826 | ./5/57 6924 


K.—Kent’s Engineering Handbook. B.—Barker. P.—H. L. Payne, Journal of Analytical and Applied Chemistry. E.—E. H. E 
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motor doesnot remove the objections to the rotary converter, 
which are based on the fact that it is a synchronous machine. 

A motor-generator employing an induction motor has the ad- 
vantage of employing induction instead of synchronous apparatus, 
thereby securing many of the advantages set forth in the com- 
parison between synchronous and induction motors. Circuits 
which are supplied by generators in which the speed has a rapid 
and periodic fluctuation, or in which for any other reason the use 
of a synchronous machine is impracticable or undesirable, may 
nevertheless operate an induction motor driving a generator with 
full satisfaction. The various characteristics of the induction 
motor under emergency conditions, such as sudden overload, 
momentary interruption or lowering of the voltage of the supply 
circuit, may cause little or no inconvenience if the induction 
motor is used, whereas, it might cause serious interruption to a 
rotary converter or a synchronously driven generator. The in- 
duction motor driving a generator is also to be preferred where 
units are quite small and the attendance is unskilled. The rotary 
converter, like the synchronous motor, is unsuited for general 
distribution in small units. 

The foregoing statements and comparisons involving the rotary 
converter doubtless comprise the principal reasons why this ap- 
paratus is being so widely adapted and is in such general use. 
To indicate the wide use of this apparatus it may be stated that 
the Westinghouse Electric and Manufacturing Company, with 
which the writer is connected, has sold over 400 rotary converters. 
Of this number 30 per cent. are for a frequency of sixty cycles or 
more. . The aggregate output is over 165,000 kilowatts. 

Most of this apparatus is now installed and is in successful 
operation. In fact, the difficulties in connection with the install- 
ation and operation of rotary converters on circuits which are 
suited for them are trivial and do not materially differ in 
amount from those which may be expected to occur in connection 
with other kinds of apparatus. 

The very wide use of the induction motor and. the rotary con- 
verter is an established fact, and it is believed that many of the 
reasons for their selection in preference to other kinds of appar- 
atus have been set forth in the foregoing notes. 

Many of the specific relations between the induction motor and 
the rotary converter and the supply system have been indicated. 
There is obviously a close relation between the alternator and the 
apparatus which it supplies. The conditions are radically different 
from those involved in incandescent lighting. An alternator 
waich may be quite satisfactory for lighting purposes may be 
highly inadequate for successfully supplying current for either 
induction motors or rotary converters. For supplying current to 
induction motors an alternator should have good inherent regula- 
tion. The lagging current taken by induction motors requires a 

greater increase in field current for maintain- 
THE _ ing a given voltage than is required when the 

ALTERNATING load is non-inductive. In order that the field 

GENERATOR. current may not be excessive, the generator 

~ should be properly proportioned to have close 

regulation. The adjustment of the field current by external de- 

vices is not a wholly satisfactory substitute for close inherent 

regulation. Suddenly changing loads or the throwing on or off of 

motors causes fluctuations in voltage, as the external devices can- 

not act quickly enough to prevent the disturbance. The neces- 

sity of good inherent regulation is all the more necessary where 

the motors are large in proportion to the size of the generator and 
where loads are fluctuating. 

For the operation of rotary converters the generator speed 
should be uniform. Engines which are sufficiently uniform in 
auzular velocity to enable generato‘s to run successfully in mul- 
tiple may nevertheless be unsuited for operating rotary converters 
or synchronous motors. It is preferable also that generators for 
Operating rotary converters should have good inherent regulation, 
not only in order that the electromotive force may be maintained 
at heavy loads, but also for the purpose of holding the converter 
rigidly in synchronism. If the alternating field is comparatively 
‘weak, as is usual in machines of poor regulation, there may be a 
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shifting of the magnetic field back and forth with different arma- 
ture currents, quite similar to the shifting of load in direct current 
machines. It is obvious that if the effective position of the field 
poles may shift back and forth, this shifting is comparable with 
fluctuations in generator speed, and becomes a source of unsteadi- 
ness in the system which may contribute to the “hunting” of 
rotary converters. This shifting may occur also in a machine 
having a strong field if a large proportion of the magnetizing force 
is absorbed in the iron of the field magnet, 7. ¢., a machine with a 
saturated field. Such a machine may have good electromotive 
force regulation and still be of an inferior type for the driving of 
synchronous machinery. 

It follows, therefore, that a generator which is to supply induc- 
tion motors or rotary converters should be selected with reference 
to the service which it is to supply. In some cases unsatisfactory 
results have been obtained in the use of motors or converters, 
duplicates of those which have given full satisfaction elsewhere. 
The trouble has been located in fluctuating speed or in the char- 
acteristics of the alternator supplying the current. 

A transmission system must be considered as a unit and the 
inter-relation between the alternator and the apparatus to which 
it supplies power must be fully considered. 

The theoretical arguments which are occasionally urged against 
the alternating system, the induction motor and the rotary con- 
verter, find their most effective auswer in the plants which are 
now in operation and in their record of service. 

The induction motor and the rotary converter to-day represent 
the survival of the fittest, and confirm the judgment of those 
engineers who have consistently and persistently advocated their 
use. 





INDUSTRIAL GAS.—XXIL 
BY FRANK H. BATES. 
PROPERTIES OF GASES. 


HE table, ‘‘ Properties of Gases,’’ will be found serviceahle in 
the calculation of general problems involving the combus- 
tion of fuel. 

ABBREVIATIONS. 

R—Atomic weights according to Richards, from table prepared 
by F. W. Clarke, Journal of the American Chemical Society, Vol- 
ume XXI, No. 2, February, 1990. 

K—Kent’s Engineering Hand-book. 

B—Barker. 

P—H. L. Payne, Journal of analytical and Applied Chemistry. 

E—E. H. Earnshaw. 

F. & S.—Fauvre & Silbermann. When the term CAZ is used, 
the value has been derived from another value of the table, and 
the abbreviation with CA/ refers to same; thus CAL F. &.S. 
indicates that the value given has been derived from the value of 
Fauvre & Silbermann. 

The volumetric composition of air as given, N=79.3 yer cent, 
O=20.2 per cent. is not serviceable for computation from gas 
analyses, since at the temperature at which analyses are made 
the gas would be dry, or would not give indication of its conden- 
sible products. In work of this nature, for example, the deriva- 
tion of furnace conditions from flue gas analysis, use the foilowing 
percentages: 

Composition of air by volume, 

N= 79.04 per cent. 
O= 20.96 per cent. 





100.00 per cent. 





“Accept our thanks and congratulations on the article in the 
November JOURNAL describing our gas and electric system. It is 
well written, finely displayed and, needless to say, has cur hearty 
endorsement,’’ writes H. J. Edwards, secretary and manager of 
the Electric Improvement Company of San Jose, Cal. 





‘‘THE JOURNAL is of more tian ordinary value, especially in 
the elucidation of the practical difficulties encountered in trans- 
mission.”— J. R. Bibbins, Detroit, Mich. 
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SAN FRANCISCO GAS AND ELECTRIC COMPANY. 


T the annual meeting of the San Francisco Gas and Electric 

Company the following named directors were elected to 

serve during the fiscal year beginning on January 22d: 

William B. Bourn, George H. Collins, William T. Dut- 

ton, J. Downey Harvey, C. Osgood Hooker, Frank B. King, E. J. 

McCutcheon, Louis E. Monteagle, Daniel T. Murphy, A. H. Pay- 

son and Rudolph Spreckels. Of this number those who served 

on the former board are Messrs. Spreckles, Payson, Murphy, 
Hooker and Harvey. 

The new board immediately proceeded to organize. W. B. 
Bourn was chosen president and Captain A. H. Payson vice- 
president. 

The financial statement presented by the secretary was as fol- 
lows: 


ASSETS. 
Real estate, construction and plant....... ....... $ 9,708,573 33 
Pipes, conduits, lamps and meters................ 4, 365, 381 29 
PARC te BE TE CORNER oso 5 ois 55s Sek bee sens e560 150,000 00 
RL EOE os oko no ie nie W SERA W anieieeuls tals 119,137 65 
ee. A ere Mines aok'shaxcors 16,741 71 
ET I, ain in nn oh 55 Nine pep e’s eee pee ows 58,882 13 
Sapolies, tools, Cb0......o. 90s csesccsevsessvevevere 122,195 41 
Amount due from CONSUMES. ...... 20.6 eeeecces 119,196 06 
Amounts due from sales of residue, etc ........... 28,967 54 


TES utenlv chitin Dek be Aba apeiwe sete lteees $14,689,075 12 
LIABILITIES. 

NG eo ivi ccc se en b ie bs wea eae MeL kal ee $ 623,000 00 
SE A NNER. 51 chip's clon en ca aking asus Gans ss 7,415 00 
Unpaid dividends............... Ie eee 7,605 12 
PT ENE CE a. oo 65 nn cigs wesince sevens ced IS preestatox 33,149 80 
ES Sch bos Cbs b isos ase ae eros meee 252,854 88 
EID oo ois 5 bn ass on skh Ca gee wen onsers’ oebe 315,000 00 
Deposits on gas and current................. eeees 43.512 21 
Depreciation and reserve fund...................- 412,253 75 


STE ORT 12,994,284 36 
$14,689,075 12 





POWER PLANTS OF THE PACIFIC COAST. 


HE combination of science and audacity which characterizes 
much of the long distance transmission work done during 
the last few years in California was strikingly brought out 

at the 220th meeting of the New York Electrical Society, held 
January r5th, by F. A. C. Perrine, D. S., who lectured on ‘‘The 
Power Plants of the Pacific Coast.’’. Dr. Perrine said that one of 
the objects of his lecture was to show the men in the East that the 
far Westerners were no mere rough and tumble engineers, and it 
was generally admitted that this point was abundantly proved. A 
more wonderful series of pictures of brilliant engineering triumphs 
than that thrown on the screen by Dr. Perrine has seldom been 
presented to a scientific audience. 

Dr. Perrine’s work has been such as to make him a recognized 
authority ou the subject of long distance electrical transmission. 
As consulting engineer he had much to do with the pioneer work 
of the Standard Electric Company, and is now president of the 
Stanley Electric Manufacturing Company, of Pittsfield, Mass., 
the designing engineers and manufacturers of electrical apparatus 
which has made extreme potentials possible. 

During the discussion Mr. T. C. Martin mentioned the fact that 
the present week was one which would be notable in the history 
of the American Institute of Electrical Engineers and the New 
York Electrical Society, inasmuch as on one of its evenings the 
institute learned the details of the most marvelous achievement 
known iu the transmission of intelligence, the sending of a wire- 
less message across the Atlantic, from the lips of the man who 
had done it, and on another evening the society listened to a 
description of the longest power transmission in the world, that 
from Colgate to San Francisco, 215 miles long, by one who had 
taken a most active part in the work. 

Dr. Perrine’s paper, which was most entertaining as well as 
being of great technical value, is to be published by the society. 
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A “NO CURE, NO PAY,” BOILER COMPOUND. 

N a folder recently issued by Poett & Center it is stated that 

| Crosscup’s XXX Boiler Compound has been on the market 

for two years, as a result of which it is confidently asserted 
that it is not an experiment but a scientific mixture prepared to 
suit individual cases. It is a further fact that it is being used by 
many of the largest consumers of boiler compound on the Pacific 
Coast, to whom it has always given uniformly excellent Satisfac- 
tion. 

Crosscup’s XXX Boiler Compound is guaranteed to stop all 
corrosion and pitting, to remove all scale, prevent priming and to 
keep the boilers in first-class condition at less cost pet horse- 
power than any other boiler compound on the market. It is 
highly recommended for use in all classes of steam plants, as it 
contains no acid or other substance that could possibly injure the 
boilers. 

Messrs. Poett & Center, who hold the general agency for the 
sale of the compound and are located at 123 California street, San 
Francisco, announce to any one who is desirous of trying the 
compound, that they will ship sufficient quantity to supply any 
plant, whether large or small, for sixty days under the condition 
that if the compound proves satisfactory at the expiration of that 
time, payment for the compound shall be expected; if the com- 
pound does not prove satisfactory no charge shall be made for it. 





A BUSY YEAR FOR CROCKER-WHEELER INTERESTS. 


HE year which has just come to a close has been a prosperous 
one for the Crocker-Wheeler Company of Ampere, N. J., 
which reports a record-breaking midwinter business and finds 

it difficult to keep the production up tothe demand. The following 
are some of the recent shipments: Two 400-kilowatt generators 
to the Vandergrift Construction Company; one 300-kilowatt gen- 
erator to Stetson & Co. of Philadelphia; one 150-kilowatt generator 
to the D’Olier Engineering Company of West Camp, N. Y., and 
one 40-kilowatt generator and twenty-eight motors to the Smiuth- 
Brooks Publishing Company plant in Denver, Colorado. The 
United States Tube Company of Buffalo, N. Y., has beén supplied 
with a motor equipment, and the electrical equipment of the 
Con. P. Curran printing establishment in St. Louis, Mo., which 
takes the place of line shafting, has been completed. Orders for 
a large number of motors have been received from Armotir & 
Co., The American Bridge Company and The Marion: Steam 
Shovel Company. An order for a 30-kilowatt special generator 
has been received from His Highness The Sultan of Linga. The 
machine is to be installed in the royal palace, which is on an 
island near Singapore. 


‘ 





ELECTRICITY IN WATER GAS MANUFACTURE, 


CHMIDT, in comparing the economic value of cocl and 
electricity as sources of heat energy* arrives at the con- 
clusion that, on the average, only 30 per cent. of the 
energy is utilized in the former case; whereas in the lat- 

ter case this percentage is 90. For this reason he recommends 
that electrical heating be used in the manufacture of water gas, 
instead of the usual process of supplying the necessary heat by 
direct combustion under air blast. He bases his calculations on 
the economical conditions existing in Switzerland, and expresses 
the opinion that it would be easy to adapt carbide furnaces to the 
manufacture of water gas. 





“THE JOURNAL is not so well known in this city as it should 
be, for to my mind it treats practical problems in engineering in 
a way that no other journal touches them,’’ writes Frank C. Small- 
peice, of the School of Practical Science, of Toronto, Canada, in 
entering his subscription order. 





The Western Electrical Instrument Company has moved its 
factory from 114 William street, Newark, N. J., to Waverly Park, 
Essex County, N. J. 


*Science Abstracts, No. 2249 (1901). 
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ANNOUNCEMENT! 


HE CALIFORNIA INCANDESCENT LAMP COM- 


PANY begs to announce that it has purchased 

















the factory of the now-defunct Pactric INCANDESCENT 


Lamp Company, of San Francisco, and has engaged 








| fle in the manufacture of strictly first-class Incandescent 
Electric Lamps upon a scale never before attempted 
west of the Mississippi. 





In addition to ‘‘refilled” or ‘‘ renewed” lamps, 
which bear the label ‘‘Pacific’’ as heretofore, the 
ye California Incandescent Lamp Company manufactures 
fe entirely new lamps known as the ‘‘Calffornia’’ brand, 
and which are marketed under the guarantee that they 
are equal in every respect to the best lamps of any 
other manufacture. 

These lamps are now on the market and are sold 


at attractive prices, based upon the advantages of 
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EFFIGIENGY OF PELTON WHEELS 


The following recent letter, emanating from one of the foremost engineering laboratories of the 














. World, may be of some interest as establishing beyond question the high efficiency 
of the Pelton Water Wheel: 





SIBLEY COLLEGE, DEPARTMENT EXPERIMENTAL ENGINEERING. 
CORNELL UNIVERSITY. R. C. CARPENTER, 


Filan, HW Y. Oct. 15, 1901. 


The Pelton Water Wheel Co., 
San Francisco, Cal. 
Gentlemen :--- 

In accordance with your request for a statement in 
regard to results obtained in tests made by us on your wheel, beg tc 
say that we have obtained as high an efficiency as 88 per cent in 
some of our experiments on Pelton wheels. 

We recently conducted a series of experiments in which we 
used various forms of buckets on the rim of the.same wheel. The 
results of these tests seemed to indicate the superiority of. the 


general form of bucket adopted in the Pelton wheel. 


Very truly yours, 


(COCK 


SEND FOR ILLUSTRATED CATALOG 


THE PELTON WATER WHEEL CO. 


HYDRAULIC ENGINEERS 
127 Main St., San Francisco 143 Liberty Street, N. Y. 
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HE engraving is from a pen and ink drawing of the Bay Counties Colgate Power 
House, The familiar form of the S. K. C. Inductor Generators’ is at once 





recognized. 


The electrical equipment of the station and of the whole Bay Counties system 
consists practically exclusively of apparatus of the S. K, C. System. 
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The same is true of the other great California long distance Transmission system (The Standard Electric 
Company). Together, the aggregate rated capacity of S. K. C. Generators and Motors, either installed or in 
course of construction for these two great systems amounts to 46,240 kilowatts. 


S. K. C. Transformers, Switchboard Apparatus, Etc., predominate to a like degree, and reference to any 
authentic description of the installations referred to will so corroborate: 


S. K. C. Apparatus is unequalled 
for simplicity and reliability. 


Stanley Electric Manufacturing Company, Pittsfield, Mass. 
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